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Neutron Measurements in the FRX-C/LStl tlagnetlc Comp::ssion Experiment*
Robert E. Chriei~ and Miles H. Baron

Los Alamos National Laboratory, Los Alamos, Ntl 87545

Introduction
Neutron measurements are being pursued as an ion temperature diagnostic

in the FRX-C/LSll Hagnetic Compression Experiment. One can easily see that
the d-d neutron ●mission is a sensitive measure of ion heating during
adiabatic magnetic compression of FRCS. The reaction rate may be written
as R = (1/2) n N <uv>, where n and N are the deuterium density and
inventory. The fusion reactivity varies as <w> = Tg”s for T M 1 keV. For
adiabatic compression, n - B1*2
lo9se9 .

and T = BO.@ S0 R = B~ol in the absence of

The neutron yield is also senritive to the time duration that the
plasma remains near irs peak temperature.

Neutron Detectors
We have tried tvo types of neutron activation detectors to measure the

yield In FRX-C/LSH. The first consists of a 0.25 mm rhodium foil wrapped
around a geiger tube and located inside a Cd-shielded moderator.1 The
rhodium is activated by thermal or epithermal neutrons and then 6-decays
with a 42.3 a half-life. The decays me counted for 60 s startinfi 0.1 s
after a compression shot. Tha second is based on the 7sAs(n,n’)7s As(O.304
HeV) teaction and consists of an epoxy casting of arsenic powder
surrounding a plastic scintiliator.z The arsenic metastable state decays
through gamma emission with a 17 ms half-life. Tha gammas are detected by
a large plastic s-intillator (20 cm + x 10 cm) and photomultiplier tube
(12.7 cm 4) and counted for 50 ms starting 5 ms after compression. The
time-resolved neutron ●mission is measured by viewing the plastic scinti-
llator with a second smallar phoronultipli~r tube operated in current node.

The rhodium counter waa located 1 m from the axis of the comprasslon
coil at 2=4.3 m. It was calibrated in situ by activating it to steady.—
state vith a ‘SzCf neutron source (2 H,!V average energj) placed inside the
compression coil and then counting the decays after the source was quickly
removed. This calibration indicated that the rhodium counter is nbout 3.3
times more sensitive than expected from the orig,lnal d-d neutron
calibration performed by Ekdahl.1 Based on the result:; of other tests
performed in a variety of scattering geometries, we call attribute about a
factor of two sensitivity ●nhancement to the scattering and/or partial
moderation caused by the massive aluminum compression coils. The remaining
sensitivity enhancement may be caused by the difference in the neutron
spectrum or by other ‘.~known effects. The coils are also ~xpecl,ed to
modify the spatial distrilmtlon of the neutron source to resemble a diffuse
source virh the dimenslnns of the coil itself. Based on a cnlcllation of
detector rmsponse to such a diffuse source (including the angulnr
sensitivity of the detector), the rhodium counts were systematically
increased by 6%. An additional carrectloil is needed whenever the FRC 1s
not axially centered In front of the rhodlllm counter. ‘1’he estlmaled
uncertainty In the neutron yield mensuri’mwlt 1s a Enctnr of tvn.

The arsenic counter vms placed nbout 4 m Erom the compression COI1 to
avoid Interference by [he dc mngnetic field. ‘I”IIC f!~lll)l”iit loll tevhnlque
used for the rhodlwr cuuld not be used for the nrsPIllc IWC;IUSC OE Its sholt
half-life; Illsteml the originn! pill’llxlld (!nl Il)l’;ltlOll 11;1!; 1)(+!11 telltiitlwly
used. Multlchmmel scaler ntlalysls of the nI-n(!nlr rount I“nle Shf)wd !111

_ — .——
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initial rapid decay with about a 5 ms time constant and which Contl”ibllted
to the counts in the nominal counting interval. These early counts can be
attributed to room-scattered neutrons.3 When the delay before counting was
increased to 10 ms, the neutron yield estimated from the arsenic and
rhodium counters were in approximate agreement. Since the net counts
obtained from the arsenic counter were three times smaller than from the
rhodium counter, we have not made further use of the arsenic data.

Results
The measurements reported here were obtained using target plasma formed

under reduced-field source conditions.4 The initial FRC parameters at the
start compression o 14.0~0.8 cm, B = 2.83+0.20 kG, ii =

~ =r~48~85 eV, and Te . 7?*1O eV.(0.48~O~;7)x101s cm-3, T~~;e
The neutron yield was o served to increase rapidly with compress~on

field (Fig. 1). The scaling is Y = B4, which is less rapid Lhatl that
predicted for the neutron rate during adiabatic compression. The maximum
neutron yield was about 2.5x108 for 15.5 kG field.

The integrated pla3tic scintillator signal was compared with neutron
yield oli a shot-by-shot basis (Fig. 2). The lir.ear relationship shows that
the plastic scintillator is primarily observing neutrons and is used to
calibrate the scintillacor output for neutron rate (3.0x1016 neutrons/s/A).

The time evolution of compression field and neutron rate ~re shown in
Fig. 3. The neutron rate increases rapidly with magnetic field until the
FRC is disrupted near peak field by the n=2 rotational instability.

Together with density and volume, the neutron rate at various times
during compression can be used to infer the ion temperature. This neutron
ion temperature Tn can be compared with the ion temperature Ti inferred
from pressure balance and Thomson scattering measurements (Fig. 4). For
the purpose of this comparison the electron temperature is estimated from
the empirical scaling Te(eV) . 32B00e6 obtained from Thomson scattering
measurements during compression.d This comparison shows that there is
reasonable agreement between T

R
and T .

i
However there is a tendency for Tn

to excet!d Ti when Ti is less t an O. keV, which needs further study.
Neverthl!less, these measurements shov that substantial ion heating up to 1
keV has been obtained during magnetic compression experiments.
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Fig. 1 Variation of neutron yield with magnetic field measured 40 us after
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Pig. 3 Tim. ●volution of compression magnetic field and neutron rate.
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